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(71) We Jlte Upjohn Co>MaMifc\a corporation organised and existing under 
the laws of the State ot Delaware, United Sates of America, of 301 Henrietta Street, 

Kalamazoo, Sute of Midiigan, United States of America, do hereby declare the 
invention, for which we pray that a patent may be granted to us» and the method 
5 by which it is to be performed, to be paiticularly described in and by the following 5 
statement: — 

The present invention relates to novel compounds and to conqx)sitions thereof 
v^ich are useful for controlling the reproductive qrde in ovulating female ma m m a l s 
including humans and T^'nT^k such as monk^rs, rats, lafabits, dogs and cattle. 
15 According to one feature of inventifm there axe provided novel compounds 15 

having the general formula: — 




^CH^Y-(CIf2)3-C00R^ 



wherein Ri is h>'drDgen, alkyi of 1 to 8 carbon atoms, inclusive, or a pharmacologically 

acceptable cation, Rg and iC are hydrogen or aDcanoyl of 1 to 8 caiiwn atoms, inchi- 
20 sive, with the proviso that when Rs is aUcanoyl, Ri is also alkanoyl, m is zero or 2* 20 

and X, Y and 2 arc — CHiCH,— , or X is trans-CH=CH— ^ Y is cis-CH=CH— ^ 

and Z is — CH.CH-— or ci*-CH=CH— . 

In British Patent Specification No. 1,198,071 there are described an d claim ed 

optically active compoimds extremely potem in causing varimis biological responses 
25 and having the genial formula: — 25 
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HO 5n«2n-*^°**l 




wherein ^ is a generic expression denoted an alpha or beta configurauon &r Ae 

atudied moiety, R. is hydrogen, alkyi of 1 to 8 carixm atoms, 

of 3 to 10 carbon atoms, inclusive. araU^I of 7 to 10 caibon atoms, mduswe, 

5 or phenyl substituuSl by 1 to 3 cfaloro or alkyl of 1 to 4 carbwi atoms, Rj 
is hydrogen or alkyl of 1 to 8 carbon atMns, mdusive. R, and we l^wogm or 
alkyl of 1 to 4 carbon atoms, inclusive, and CH=« is alkykne ^ 1 to 8 caibon atoOB. 
inclufflve, and riiannacologically acceptable salts thereof when R, is hydrogen, exdua- 
ing the compounds known as PGFu and PGR,fl and dttir sahs and 

10 Preferably in sudi compounds CoH^ is heiameAylene, R, is hydrogen, K, is 

hydrogen, R, is alkyl of 1 to 4 carbon atoms, inclusive, preferably methyl o r Kt a 
hydrogen, die — C„H,o— COOR, moiety is attadhed in alpha configuraaon md prefer- 
ably 5£o the —OH adjacent lo CJI«— COOR, is attached in alpha co^pnanon. 
It has now been found that die novel compounds of the ^neral nmmila : — 



B,0 ^ (CH2)g-C00Rj^ 



H 
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wherein Ri. R, and R, arc as defined above with the same proviso relating to R. and 
R, are useful also for controlling the rqvoductive cyde in ovulatiQg fiemale mammals 
tbcTd>y being useful in preventing pregaancy and in indudng labtnir in fnegnant 
female mammals. 

20 When R, and Ra io a compound of fonnula I or fonmila II are both alkanoyl 20 

they can be the same or different. 

These novel compounds of ft»mulae I and II arc stmie of the preferred com- 
pounds whidi are used in the methods of treatment described and claimed in our 
copending Application No. 39883/69 (Serial No. 1285371). These compounds arc 
25 especially useful for the purposes described therein and are also useful for additional 25 
purposes as described further hereinafter. 

Examples of alkyl of 1 to 8 carbon atoms arc methyl, etl^ pnp]^ butyl, pentyi, 
bexyl, heptyl, ociyl. and isomeric forms tfaercof. 

£zan^>les of alkanoyl f 1 to 8 carbon atoms, indnOTC, arc fbnnyl. vxtyU 
30 propionyl, butyryl, valeryl. hexanoyl. heptanoyl. octanoyl, and isomeric fonns thereof. 30 
Pharmacologically acceptable cations wiAin the scope of Rj in formulas I and 
II are q'latemary ammonium iom or the catioaic forms <tf a metal, ammonia, or an 
amine. 

Espedally preferred metal cations arc those derived from the alfcali mctalsi e-g.. 



lithhim, sodium, and pomsshim. and from the alkaUne earth mewls, ™^>^ 
and addum, aldiough ationic fonns of ther metals, eg., alummmm. nnc» and irons, 
are also within the scope Ri- , « . 

Phannacologically acceptable amme cations also widun the scope ol Kj m 
5 fonmilas I and II arc diose derived from primary, secondary, or rauary ammes. 5 
Examples of suitabk amines are mcthyiaminc, dimediylamme, * 
amin^ dibutylamine, triisopropylamine. N-methyUM^tammc, f*«!P*^i«^^ 
amin^ ailylainine, crotylamine, cyclopeniylamine, dicyd^lamme, boj^amme. 
diben^lanine, «.phenylethylamine, p.t*enylethylammi^ ^^^^"^^"'^i^^^l 10 
10 triamine, and like aliphatic, cycloaUphatic, and araliphatic amines comammg up to 10 
and including about 18 caibon atwns, as weU as heterocyclic ammes, e.g., I«Pcnd^e. 
morpholinc, JyrroUdine, pipcrazine, and lower^I denvatives Aeieof, <rS- l-«?e*y " 
pipSdinT fethyhnorphoUne, 1-isopropyIpyrrolidine, ^'^y]PF'°^>J:^- 
mSylpiperazine and 2-methyIpiperidine, as wdl as amines « 
15 ing or hjdrophilic groups, e.g.. mono-, di-, and, triMhaa>h™ic^^ » 
N-butylcthanoIamin?. 2-amino-l-butanoI, 2-amini>-2-ethyJ-lj3-pK)pane<^ 
2-methyl-l-propanol, tris(hydroxymcthyl)aminomethanc. N-P*«nyl^»»?^™^i;;:^ 
tert-amyIphenyl)diethanolaniine, galaoamine, N-methylglucamme, N-mediyltfucos- 
aminc, ephedrine, phenylephrine, qnnei*rine and procaine. m 
20 ExaSiples of sdtable pharmaooIogicaUy acccpiabk qoatemary ammomum caoons 20 

within the scope of R, in formulas 11 and IH arc tetiameihylammomum, tetraethyl- 
ammomum, benzyltrimediylammonium and phenyliriethylamnumium. 

The compounds of formulas I and II are somewhat similar xo certtm of the 
natural prostagtondins. The latter arc considered to be derivanres of prosianoic aaa 
25 which has the following structure: 



COOH 




III 



The naturally-occurring prostanoic acid derivative, piosuglandia Fa. (PGFaa), has the 
following structure: 



no 



COOH 




IV 



30 The corjxmnd of formula 1 wherein Ru and R, arc hydrogen, and X is trans- 
CH==ai— > Y is ds-CH=CH— , and Z is — CH,CHr-. has the same structore as 
PGFa. except that this novel formula I compound has one less carbon atom m the 
hydroxy-containing side chain («-nor) when m is zero, and one more carbrai atom m 
the same chain (w-homo) when m is 2. The other compounds encompa«cd ^ fonmila 

35 1 are similarly related to the known prostanoic add derivatives difaydio-FGFi. and 
PGF«.. The compound of formula n wberdn Ru R» and R, are hydrogen has one 
less carbon (w-nor) than the known PGF„. 

These «*-nor and «j-homo PGF, compounds of formulas I and U are extremely 
potent in causing various biological responses of the general t ype c aused by the 

40 corresponding natural PGF. compounds. Regarding the biological responses caused by 
ihe natural PCT. compounds, see, for example, Bergstrom et al., Pharmacol Rev. 
20, 1 (1968), and refereoces died therein. , 

Thus these formulas I and II compoonds are useful for ensnrug the R^uaaty 
of menses and in place of oxytocin to induce labour in pr^naat animids, fn r h idf ng 
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man, cows, sheep, and pigs, at or near tcnn, or in pregnant animals with imra-autcniw 
death of the fetus from about 20 weeks to term. For this purpose, the comfnimd is 
preferably infused intravenously at a dose 0.01 to 50 /ig. per kg. of body weight per 
minute until or near the termination of the second stage of labour, i.e. expulsion of 

5 the fetus. These compounds are especially useful when the female is one or more weeks 5 
post-mature and natural labour has not started, or 12 to 60 hours after the membranes 
have ruptured and natiual labour has not yet staned. 

The novel formula I and II compounds of this invention arc useful in mammals, 
including man, as nasal decongestants. For this purpose, the compounds are used in a 

10 dose range of 10 ,"g to 10 mg. per ml. of a phazmacologicaUy suitable liquid vdiide 10 
or as an aerosol spray, both for topical application. 

The novel formula I and II compounds not only are potent in causing smooth 
muscle stimulation, but are also highly aaivc in potentiating other known smooth 
muscle stimulators, for example, oxytocin, vasopressin, and the various ergot alkaloids 

15 including derivatives and analogs thereof. For these reasons, these novel compounds 15 
are useful in place uf or in combustion with less than the usual amoxmts of these 
knoivn smooth muscle stimulators, for example, to relieve the ^mpuuns of paralytic 
ileus, to control or prevent atonic uterine bleeding after abortion or delivery, to aid 
in the expulsion of the placenta, and during the puerpcrium. 

20 For these piuposcs, these novel formula I or II compounds are preferably first 20 

administered by intravenous infusion at a dose in the range 0.01 to 50 ftg. per kg. of 
body weight per minute until the desired effea is obtained. Subsequent doses arc 
given by intravenous, subcutaneous, or intra-muscular injection or inhision in the ran^ 
0.01 t(^ 2 mg. per kg. of body weight per day, the exact dose dQKnding on the age, 

25 weight, and condition of the patient or animal. 25 
As described more fully below these novel formula I and 11 compounds are useful 
for controlling the reproduaivc q'cic in ovulating female mammals, including humans 
and animals such as monkeys, rats, raWiirs, dogs and cattle. For that purpose, the 
compoimds arc administered systcmically at a dose Icret in die range 0.01 mg. to 

30 20 mg. per kg. of body wei^t of the female mammal, advantageously during a span 30 
of time stardng approximately at the time of ovulation and ending approximately at 
the time of menses or fust pri^- ^-.enses. 

In spite of the apporen; jrities of structure between the ix>vel compounds of 
formulas I and II and ihc natural PGF. compounds, i.e., dibydro-PCH^i., 

35 PGF,,^ PGF;,„ and PGFa«, the novel formula I and II ccrapounds are surprisin^y 35 
and quite unexpeaedly more useful for one or more of die above illustrative purposes 
than the natural PGF^ compounds. The natural PGF^ compounds uniformly cause 
multiple responses even at low doses. For example, PGFis causes smooth muscle 
stimt^tion and a blood pressure rise at the same time that it acts to increase nasal 

40 patency. In striking contrast, die novel formtda I and II compounds each are more 40 
specific in causing PGF,-type biological responses. Eadi of these novel compounds is 
therefore surprisingly and unexpectedly more tiseful for the pfaannacological purposes 
indicated above because each has a different and narrower spectrum of Uolpgical 
activity than the natui ' PGF^ compoimds causing smaller and fewer imdesired side 

45 effects than the natura. compounds. 45 
For the above pui >/Oses, the novel formula I and 11 compoimds of this invention 
are adniinistcred in various wa)-s. For example, as mentioned above, topical adminiS' 
tradon is the preferred route when the compound is used to promote nasal patency in 
cases of nasal congestion. Systemic administradon, e.g., intravenous, siracutaneous, 

50 intramuscular, oral, rectal, vaginal, buccal, sublingual, and as sterile implants for 50 
prolonged aaion, are preferred for the other ph^macological purposes menticmed 
above. 

For intravenous injection or infusioa, sterile aqueous isotom'c solutions are pre- 
ferred. For that purpose, it is preferred because of increased water sdtibility that R, 

55 in the formula I or II compounds be hydrogoi or a pharmacologically accefxable 55 
cation. For subcutaneous or intramuscular injecdon, sKrile stdutions or suqiensions 
of the add, salt, or ester form in aqueous or non-aqueous media are used. Tablets, 
capsules, and liquid peparadons sudh as syrups, elixirs, and simple solutions, with 
the usual pharmaceutical carriers, are used for oral, buccal, or sublingual administra- 

60 tion. For rectal or vaginal administratioo, suppositories or powders prejaxtd as known 60 
in the art arc used. For dssue implants, a sterile tablet or silicone rubber capsule 
containing rhe substance is used. 

Accordingly the present invention also comprises a therapeutic oooiposition com- 
prising as the acdve mgredient a compoimd of the invention togedier with a plianna- 

65 ceuticaliy acceptable carrier. « 
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The novel compounds of formula I are prepared by reducmg the carbonyl group 
of the corresponding compounds of the formula: 




SimiUrly, the novel compounds of formula 11 are prepared by reducing the carbonyl 
group of the correspwiding compounds of die formula: 




VI 



10 



20 



In formulas V and VI, R» R,. m. X. Y, and Z are as defined above, and R. is 

hvdroKnora!kyIofoneto8carbonatoms,inclu5ivt. 

These formula V and VI ketone intennediatcs are known m tbe art or are pre- 

10 pared by methods known in the art. Sec Beerthuis et at, Rcc Trav. Oum. 87, 461 
(1968) for the compounds of fonmila V wherein R, and R« are Mrtwej m is awo or 
2.7^ X is trans-Sl=CH-, Y is cis^=CH-. and Z is -<H,CHr-» and for 
the compound of fonnula VI wherein R, and R, are hy^ogen. 

The formula V compounds wherein R« and R4 are hydrogen» m is aro or Z, AM 

15 trans-CH=CH— , and Y and Z are ci*<H=CH— . are prepared from 5,8,11,14,17- 15 
nonadecapcntaenoic add (ra=0) and 5All>M,17-toda)s^Kaiiacnoic acid^=2) as 
descn-bed by Stniiik et al., Rcc Trav. C2um. 85, 1233 (1966), for the production of 
PGE, from 5,8,lU14,17-eicosapenuenoic add. These C— 19 and C— Zl pailMnoic 
acids are prepared bv saponification of tbe CMre^xmding methyl esters whuA are 

20 prepared as described' by the combination of Van der Steen et at, Rec. Trav. Oum. 
82. 1015 (1963) and Pabon et al., Rec. Trav. Oum. 84. 1319 (1965), using m place 
of the initial reactant of Pabon et aL, ix., l-bromo-2-peinyne, l-bromD-2-bmyne 
(C— 199) and l-brom<>-2-hcxyne (C— 21). The latter two reactancs are prepared ftrnn 
the corresponding known acetylenic ala^ols by rcactioo with FBu. 

25 The formula V compound wherein R, and are hydrogen, and X, Y, and Z are 25 

— CHX2i. — is prepared by reduction of the caiboo-car'won double bonds of any of 
the formula V compounds wherein X is trans-CH=CH— ^ Y is cis-CH=CH— , and 

Z is — CH,CH< or ci»-CH=CH — . Aheraatively, reduction of the caiboD^aibon 

double bond of the formula VI oompomid wherein R. and R4 are hydrogen leads to 

3J0 the corresponding formula V compound wherein X, Y, and Z are — CH^SIr— and 30 
m is zero. An alternative mediod for pradudng the fotmnla V compoand wherein 
X. Y, and Z are — CHsCH-^ — and m is 2 is reducciott of «»-homo-PGE„ a known 
compound. See Beerthuis et al., died above. 

The novel formtila I and formula II compoimds of this invention Ri is aO^l are 

35 prepared by carbonyl redurtion of the corresponding aOyl esters of the formula V or 35 
VI ketone imennedkte. These alkyl esters are prqiared by esterification of the oorcea- 
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ponding formula V or VI ketone iniermcdiatc wherein R» is hydrogea. AlternatiTCly, 
the formula I or 11 alkyl esters are prepared by esterificaiion of the corresponding 
formula I or II acids, i.e., wherein R, is hydrogen. u • u ■ 

The novel formula I and formula II compounds of this invention whcrem Ri is 

5 a pharmacologically acceptable cation are preferably prepared by transformation of 5 
the corresponding formula I or 11 free acid (R,=H) to the desired salt ... 

The novel formula I and formula II compounds of this invention wherein both 
R. are alkanoyl are prepared by cartwnyl reduction of the corresponding alkanoyl 
derivatives of the formula V or VI ketone intermediates wherein both Rj are alkanoyl. 

10 This produces a formula I or 11 dialkanoyi compound wherein R3 is hydrogen. These 10 
dialkanoyi formula V and VI ketone inteimediaies are prepared by acybition of the 
corresponding formula V or VI ketone intermediate wherein both R- are hydrogen. 

When it is desired that R3 in the novel formula I or formula 11 compounds of this 
invention be alkanoyl, the formula I or II compound wherein R3 is hydrogen is acyl- 

15 ated. When both R, m the formula I or II compound are alkanoyl, the R^ alkanoyl 15 
introduced can be the same or different as the R* alkanoyls. When both R. in the 
formula I or II compound are hydrogpn* acylation changes all three hydroxy groups 
to the same alkanoyloxy group. 

In a formub I or formula H compound, when R^ is to be alkyl and R» and/or 

20 Ri are to be alkanoyl, either or both the alkyl and the alkanoyls are added before or 20 
after the carbonyl reduction of the formula V or VI ketone intermediate. 

An aliemativc method for producing formula I compounds wherein X, Y, and 
Z are — CH2CH.. — is roluciton of the carbon-carbon double bonds of the formula I 
or II compound wherein at least one double bond is present, or by double bond 

25 reduaion of the carbonyl reduction product ctf-homo-PGE, or its alk>'l and/or alkanoyl 25 
derivative. 

Carbonyl reduction to produce the novel formula I and formula II compouads 
of this invention wherein is hydrogen is carried out by reacting the corresponding 
keto intermediates of formulas V and VI with any carbonyl reducing agent which 

30 does not react with the ester group or the carbon-carbon double bonds. Examples of 30 
such reducing agents are sodium or potassium borohydride and lithitmi alumimimi 
(tri-tert-butoxy)-hydride. 

These carboiiyi reducii^ .arried out by methods known in the art for com- 

parable reductions of prosianwi.. <i^id derivatives. See, for examplCj Bergstrom et al., 

35 Aaa Chem. Scand. 16, 969 (1962) and Anggard et al., J. Biol. Chem. 239, 4101 35 
(1964). Lower alkanols, e.g., methanol and cthanol, are preferred as reaction solvents, 
although other solvents, e.g., dioxanc and dietfaylene ^ycol dimethyl ether are also 
used, especially in combination with the lower alkanoL 

Althoi^ 0.25 molecular equivalent of the borohydride or lithium aluminium (tzt- 

40 terr-buioxy)hydride reducing agent is suSdent to reduce one molecular equivalent of 40 
the formula V or formula VI ketone reactant, it is preferred to use an eiuxss of the 
reducing agent, preferably 1 to 15 molecular equivalents of reducing agent per mole- 
cular equivalent of the ketone rcactanL It is preferred to add a solution or suspension 
of the reducing a^nt to the ketone reactan;, although the reverse order can also be 

45 used. A reaction temperature in the range 0" to 50*0. is usually satisfactory. At 25"'C, 45 
the desired reaction is usually complete in 0.5 to 2 hours. The resulting complex com- 
pound is then transformed to the desired product in the usual maimer by treatment 
with aqueous acid, advantageously dilute hydrochloric add. 

The desired formula I or formula II reduction product is isolated by conventional 

SO tedimques, for example, evaporation of the reaction solvent and extraction of the 50 
residual aqueous mixture with a waur-iznmisdble solvent, for example, diethyl ether. 
Evaporation of the btter solvent then gives the desired produce 

"Diese borohydride or lithium aluminium (tri-ten-butoxy^yilride reductions of the 
formula V and formula VI kcto reactants each produce a mixture of an alpha- 

55 hydroxy compotmd and an isomeric (cpimeric) beta-hydroxy oonq>ound. The aJpka 55 
and beta components of these mixtures of isomeric hydroxy con^Knmds are separated 
from each other by methods known in the art for the separation of analo^us pairs 
of isomeric prostanoic acid derivatives. See, for examjrie, Bergstrom et al., dted above, 
Granscrom et ol., J. Biol. Chem. 240, 457 (1969), and Gr£en et al., J. Lipid Research 

60 5, 117 (1964). Espedally preferred as s^iaration methods are pardtion chromato- 60 
graphic procedures^ both normal and reversed phase, thin layer cfaromatograi^y, and 
countcrcuircnt diciribution procedures. 

Caralxnic h}'drogcnation or ditmide are used to reduce caxfoon-carbtKi double bonds 
in the \'anous unsaturated intermediates used to produce formula I compotmds wherein 

65 X, Y, and Z arc — CH;CH,^. 65 
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arc preferred. It is also preferred *"2»^J^^SoT So^c and ethyl acetate, 
f m inert liquid diluent, ^o^^xamp^' f^^c^SO p-s-i., and hydiogenadon 
Hydrogenatioa pressure. ^^SfS ^o^'^'PjS^^d. torm^ I aof 

temper^es ranging from 10 ?^J'*?i„^„'^ by conventional methods, 

or iSSr is isoUted from the ^y^^f^^^'^l^^^^^gz^n, foUowed by evapor- 
for example, removal of the caulyst by ^^^^^^ purified by convcnnonal 

luoTof ^the solvent. The ^^^^^^^"^ ^t^^ P^^^^ ^ 

^^^ditS^i^^^^^^^^ -^^^^ ^ " 

^'A^ reducuo. sT^^LT^Z^o^^^^ 
I Am. Oicm. Soc., 83, 3726, (1961) "^^-^tT y^, 432—434 (1963 and 
Organic Chemistry". Rcmhold P^f'^^J^.'^^JS. m Ssaturaicd acid or ester 
rrfSrenas cited therein for useful J"°^^~,Jm, m alkali metal sail such 

«SSf?s^xed with a sal. of ^^^'^ ^^^^'i^'XS^P'^- 
as the disodium or dipotMSium " ^JT^^h, in the absence of stibsnntal 
lower alkanol such as " ^Sto^ih^of the azodifonnic arid adt « 

amounts of water. At least one mol""^ ^SnrXhe resulting suspension is then 
„«d for each moleaJar equ-valen »' ^'/^Sd^ aSTadvantW- 
stirred, preferably with '"^f"™"' °f J^°' i^d Wto an add reactant is used. 4at 
ously with a carboxyhc acd ^fonmc add salt. A reac- 

add'also serves to aadtfy an ?g?'™'»l^'^^y™ uAle. Widiin that t^penrnw 

set iourdt;^^pa^^=2^£ -^^^^ ^ 

produa is purified, « d«ired^ de«ribed ab^^^ or any of the other add reactants is 
^ Esierification of the formuU 1 " -t^ diazohydrocarbon. For 

carried out by mtcraction ,^JJ*^^^i ^"STiBodaoed. Simaar ii« <rf 

butyl, and 2-eihylhcxyl esters, rcspc v ■ ^ solution of the 

Esterificauon with d^^ydK^^. soWeil^ttWy tohyl rficr. with Aeaad 
diazohydrocarboa m a suitable dUu^t After the esteito- 

reactant, advantageously m the same f V^??" proration, and the ester purified 

con reaction is ^^V^,'t.ri^\^^^d^^^^y' I' 

if desired by convenuonal "^^^^ ST^.^^^^^ bf nriongcr dian necessary 

'-'■-^'^'^E-riB^^ r^i 

to the corresponding silver .^""'^Zn^ iodide, butyl iodide^ iso- 

iodide. Examples of sm^ .o^d^ by' conventioiial 

butyl iodide and ^f^^"^ J^^^^^HdircoU 

IIS^'S^""^^^^^ then S the stoid«on«mc 

amount of sflver nitrate. . .^^^ moieties in Ae keto reactants or in ihe fonBula 

mth a Ottboxyac^oi* as^t. "^^^^^^J^ anhydride ghres the conespond- 

Li^tirii^ p5s?S&^r^^ """"'^ 

ttii anhydride gi.« bv mixing the hydroxy com- 
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The necessary- reaciion time wQl depend on such factors as the reactirfl r^mpcrature, 
and the nature of the anhydride and tertiary amine reactants. With Oixdc auhydiide, 
pyridine, and a 25'C reaction temperature, a 12 to 24-hour reactioa time is used. 
The carboxyacylated product is isolaod from the reaction mixture by oonven* 
5 ti nal nuthods. For examirfe, the excess anhydride is decomposed with water, and the 
resulting mixture acidified and then extracted with a solvent such as diethyl ether. 
The desired carboxj-acylate is recovered from the diethyl ether extraa by evaporation. | 
The carboxyacylate is then purified by conventifmal methods, advantageously by 
diromaiography. 

10 The formula I or II adds (Ri=hydrogen) arc transformed lo pharmacologically IC 

acceptable salts by neutralization with appropiiate amounts of the conespcmding in- 
organic or organic base, examples of vi4iich correspwA..'* to the cations and amiiKS listed 
above. These transformarions are carried out by a varied vf procedures known in the 
art to be generally useful for the prq^aration of ino^anic^ i.e., metal or ammonium^ 

15 salts, amine acid additian salts, and quaternary ammonium salts. The choice of pro- 15 
oedurc depends in pan upon the solubility characteristics of the particular salt to be 
prepared. In the case of the ino^anic salts, it is usually suitable to dissolve the formula 
I or II acid in water containing the stoichiometric amount cf a hydiozide, carbcmate, 
or bicarbonate corresponding to the inorganic salt desired. For example such use of 

20 sodium hydroxide, s<>dium caibonate, or sodium bicaxfoonate gives a solution of the 
sodium salt of the prostanoic acid derivative. Evaporation of the water or addition of 
a water-miscible solvent of moderate polarity, for example, a lower alkanol or a lower 
aUcanone, gives the solid inorgam'c salt if that form is desired. 

To produce an amine salt, the formula I or II add is dissolved in a suitable 

25 solvent of either moderate or low polarity. Examples of the former are ethanol, 25 
acetone, and ethyl acetate. Examples of the latter are diethyl ether and benzene. At 
least a stoichiometric amoimt of the amine corresponding to the desired cation is then 
added to that solution. If the resulting salt does not predpitao^ it is usually obtained 
in solid form by addition of a misdbfe diluent of low polarity or by evaporation. If 

30 the amine is relatively volatile, any excess is easily removed by evaporation. It is fC 
p referr ed lo use stoid^ometric amounts of the less volatile amines. 

Salts wherein the cation is qtiaternary ammonium are produced by mixing the 
formula I or II add with the stoichiomeuic amount of the onrc^MHtding quaternary 
ammonium hydro\->de in water solution, fbllowed by evaporation of the water. 

35 The invent more fully understood by the following Examples. 3S 

Example 1 

o.-nor-PGF.., (formula I; R„ and Ra=H, m=0, X=trans-CH=CH— , 

y=d5-CH=CH— , Z=— GHjCHr-). 
A suspension of sodium borobydride (900 mg.) in 100 ml. of methanol at 5° to 

40 lO^C is added gradually with stirriog during 2 minutes to a solution of fa^-nor-PGEs 40 
(300 mg.) in 30 ml. of methanol at 0" to 5°C Stirring is continued at 0' to S'^C for 
20 minutes. The reaction mixture is then allowed to wann to 25^C, and is stirred at 
that temperature for one hour. The resuhii^ mixture is then concentrated by evapora- 
tion to 2/3 of its original volume, mixed with 25 mL of water, and evaporated further 

45 to remove the methanol. The aqueous solution \^d] results is additoi with dilute 45 
hydnxhloric add and extracted three times with diethyl ether. The diethyl ether 
extracts are combined, n'ashed with water, dried, and evaporated to give a mhctute of 
the alpha and beta epimers of u>-nor-PGFj. 

The mixture of epimeric adds is Rejected to reversed phase partition chromato- 

50 graphy on silanized diatomaceous earth (Gas Otrom CLZ 100/120 mesh, a product 50 
of Applied Sdence Labs., State College, Pa.), using methanol-water (516 ml. —684 
ml) as the mobile ^hase and isooctanoldiloroform (60 xnL — 60mL) as the stationary 
lidiase. The column support (500 g.) is mixed with 45 mL of stationary phase, and is 
then packed into column form as a shiny with mobile jibasc. The mixture of e|rinieric 

55 oi-nor-PGFs adds is dissolved in IS ml. of stationary phase and mixed with an addi- 55 
tional 12 g. of the colunm supporL The resulting slurry is poured onto the cohmin. 
The column is dien cluted with mobile phase, 50-i^. fractions of eltiate being collected. 
The eluate fractions containing the alpha epimer, as shown by smootii muscle assays, 
are combined and evaporated to give tt^-nor-PGFsa- 

60 Following the procedure of Example 2, but using in place of the u-nor-PGEs, 60 

«-nor-PGE„ «-nor-dihydro-PGE„ a^nor-PGEg, w-homo-PGEj, (i)-homo-dihydn>- 
PGE„ itt-bomo-PGEj, the methyl esters of eadi of those and also of t^i-nor-PGEa, the 
diacetates of each of those and also of ^Tar-VGEn and the methyl esttr diacetates f 
each of those and also of b^-nor-PGEs, there are obtained t»-nor-PGFtu u-nor-di- 
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15 



25 



30 



methyl Sieis of each of those PGF analogues and also Ij^^^^^^^ 
^t^^ of each of those PGF analogues and also of -J»r-P?^p""'*,±J2S^ 
^er diacetates of each of those PGF analogues and also of c.-nor-PGF,„ respecuvely. 



ElAMPLE 2 



10 



25 



30 



«-nor-PGF:, methyl ester (fonnuhi f 

nor ^F^o"^"^^ of-^^^^W «her 

(1 ■ i)^TS^yr e^J^L^ution"^^ (1 g-) « adtoJ, and ite 
illowk to staii at ^ul 25" for 5 minutes. The leacnon mixttire is then ewporated 
to dryness to give the methyl ester of «-nor-PGFa^. , . , . Hiaw*. 

FoSwing the procedure of Example 2 but using m °^^*^;„t^ 
ethane: to^utanef and l-dia2o-2-ethylhexanc, there are obtamed the ethyl, butyl, and 

'^""'j^ln^Si '^I^^ of Example 2. t""-^"^- ^^T-'KS 
o.-nor^F,., .^hSno-P&F^, '-homo^ihydro-PGF.« «.homo-PGF3« 
alndtrSu^^ of each of those and also of «>.nor-PGF^ axe each transformed to the 
corresponding methyl, ethyl, butyl, and 2-ethyIbcxyl esters. 

Example 3 m 

20 ^or-PGF=„ triacetate (formula I: ^^2^^bZ^^^?'^' 

CH—CH Y=ci$-CH=CH — ^ Z=— <-H»i^«— j- 

,.-nor-PGF^ (10 mg.) is mixed with acetk anhydride q^oL) V^J°^P^h 
and ^ Lh^th aUo^ to stand at 25-C for « homs^ lS!i*S3£ScS^d 
Ara cooled with ia^ diluted with water, j|d aadified !^.,^^^^yX 
trTrM 1 That mixture is then extracted three times with diethyl etBcr. ine oicaivi 
^"eL^'^aT^iSH^^nd washed successively ^th dfl«« hyg^""^-^: 
dSw aqueous sodium ttcarbonaie solution, and water. The diethyl ether is then ev« 

propioTanhydridcrisobutyric a:. ,-::Je, «|d hexanoicaad anhydride the corres- 
ponding tricarboiyacyl derivatives of «-nor-PGF„ ... ^^Pl-p 

Abo followiii the procedure of Example 3. *-°«-PGF^ «-aff^dro^POT^ 
-nor^F!!3mo.PbF^ -homo-dihy^PGF,„ -Jamo^^^and^m^ 
es^ of eadi of those and also of -nor-PGF^ are ^^^^ to the a«es. 
35 ponding triaceutcs. triproisonates. tnisobutyratw. tnhmoatB- » 
^ aIo following dw procedure of Exan^fc 3. ti« diacetttts of "j^'-PG^.^" 
nor^dro-PG^ -.nSr^GF:^ «-nor-PGF^ -^Sr***^^^^ 
PGF^T and «»-homo-PGF„ are each transformed to die corre^ding tnacetaies, 
propionaie-diacetates, butyrate-diacetates, and hexanoateniiacctttes. ^ 

Example 4 

.^-nor-PGF,. sodium salt (Formula I: R.=Na*,R, 5"»dR,-H. m-O, 

X=tTans-CH=CH— Y=cis-CH=CH ^ 2= — CHjCHr— )• 

^-nor.PGF*. (10 mg.) is dissolved in 10 mL of watcr-ethanol (1 : 1) Th« sohuion 
is cooW to aboSt lO'C aid is neutralized with an equivalem amoimt of 0-1 Na^ 
45 ous sodium hydroxide sohrtion. Evaporation to dryness gives 

Following the procedure of Example 4 but using potassium ^y^^^^J 
hydroid^. te^ametlirlammonium hydroxide. ai«i ben^ltnmethylammon^ ^S?^? 
in gaoe of sodium hydroxide there are obttined the corrcjqxmdmg salts of ^-nor- 

50 ?iso following die procedure of Example 4, each of die otfa^ PGF analogms and 50 

die diacyl and triacyl PGF analogues mentioned above are ''^;^^„^;^r 
ponding sodium, potassium, calcium, tetramediylammomum, and benzyltnmediyl- 

ammonium salts. 

Example 5 

55 ,«.nor-dihvdro-PGF,„ (Formula I : Rt, and R,=H, m=0, X, Y, and 55 

Z=— CH,CHi— ). . ^ ^ . . 

A solution of .^nor-PGF.. (100 mg.) in of «hyi »«^^,^i*^J^* 
hvdrogen at about one atinoq>bcre picssare and 25-C m dwpfesenoe of 5% palladium 
Sn^m«l <I5 mg.). One of bydrogen is adsoA^ m^ 'SLSSS « 

60 The hydiogcoation is stopped, and die catalyst >s removed by fihiation. Bvaporttwn W 
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of the filtrate gives a gummy residue which is chrom^ocaphed oa silica gd witii 
ethyl acetate and hcxwie (3.1) » give --nor^y^PGFj,. 

Following procedure of Examp^ 5. «-nor-PGF^ l^'^f J^S^^^L^ 
transformed * «-nor-dihydro-PGF.. usmg 2 and 3 eqmwlents of hydrogen, lespec- 

""'^^ Also following the procedure of Example 5, o-hwno-PGF^ and ^^(mK^PGFja 
are each transfbiMd to «-homo-dih>^PCfFi« usmg 2, and 3 equivalents of hydrogen 

'"'^^^^oUowing the procedure of Example 5 and using Ac ™rop«a(c ^^bo^^ 
hydrogen, each of the Jmsaturated allqrl ^ ai^ A- and ''"^^^^^^^ 
above is transfonncd to the corresponding dihydro-PGE, analogue and dihydro-PGFa. 

analogue. 

Example 6 

u.-nor-dihydro-PGF,« (Formula I: Ri, R« and Ri=H, m=0, X, Y, and 

^nor-PGF„ (50 mg.) is dissolved in 10 mL of absohitc edianoL Air is &Bhed 
from the reaction vessel with a strcain of dry nitrogen gas, and is eschided 
by maintaining a slight positive pressure of niuogcn inthc reaction v«l.AsuspCMKHi 
of 50 me. if disodimn azodifonnaie in 5 ml of absotote eihanol is added, and Uie 
resuhing mixture is stirred at about 25X and made add with a few drop of glaaal 
acetic add. Stirring at 25"C is continued for 8 hours. The reaction nw«urc is tten 
evaporaifid to dryness. The resulting residue is dissolved in a mixture of diethyl 
andwater. The diethyl ether layer is sq»aiated. dried with KAydrous mJ""?*' 
and evaporated at reduced pressure to give o»-not-dihydn>-PGF,. wth substantially 
the same properties as the material prepared according to Example 5. 

FoUowing the procedure of Example 6, cadi of the unsaturated PGF analogues 
reduced according to the procedure of Example 5 is also reduced acawdmg to the 
procedure of Example 6 to give the corre^xmdiog dihydro-PGFia analogue with sub- 
stantially the same properties as the materiab prepared according to &aiiq>Ie 5. In 
those reductions, amounts of disodium azodifonnate appn^Jnate to ine number ot 
carbon-carbon double I Jrc used. 

Compounds of ih^ ^■..iccal fonnulae I and II and die speafic compoundspre- 
pared in Examples 1 to 6 when administered dierapeudcally can also be fo"^™.^ 
compositions such as those described in our copending Application No. 39883/69 
(Serial No. 1285371). 

WHAT WE CLAIM IS: — 
1. A compound of the formula: 




wherein Ri is hydrogen, atkyl of one to & carbon atoms, inchisivc, or a p harmaro logic- 
ali^ acceptable cation, Ri and R, are hydrogen or alkanoyl of one to 8 carbon amms, 
inclusive, with the proviso ^t when R^ is alkanoylj R3 ts also alkanqyl, m is zero or 
2, and X, Y, and Z are — CH,CHr— , or X is tran»-CH=CH-^ Y is ds-CH=CH— 
and Z is — CH.CH,— or ds-CH=CH— . 

2. A compound according to claim !, wherein Ru Ka and Rs are Iqrdxoffn. 

3. A compotmd according to claim 2, wherein X, Y, and Z are — GHaCHr;-. 

4. A compound acovding to claim 2, wherein X is trans-CH=CU— » Y is ds- 
CH=CH— > and Z is — CH,CH^. 

5. A cnnpound according to claim 2, wherein X is trans-GH~GH— , anrl Y and 
Z are ci»-CH=CH— . 
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6. A compound of the formula: 




^ (CH2)6-C0aRi 




wherein Ri is hydrogen, alkyl of one to S carbon atoms, inclusive, or a ptaazinacologic- 
ally acceptable cation, and R; and Ra are hydrogen or alkanoyl of one to 8 carixn 
atoms, inclusive, with the proviso that when R, is alkanoyU R; is also aJkanoyl 

7. A compound according to cUim 6, vfaerein Ri, R;, and Ra are hydrogen. 

S. A process for producing a compound of the formula: 



wherein R. and Rj are hydrogen or alkanoyl of one to 8 carbon atoms, inclusive, with 
the proviso that when Ra is alkanoyl, R; is also alkanoyl* R^ is bycbog^ or alkji of 
one to 8 carbon atoms, inclusive, and p is 3 or 5, which comprises reducing the 
carbon-carboo double bonds of a compound of the formula: 



wheivstn R-, Ra, and are as defined above, m is zcto or 2, and X is irans-CH= 
CH— and Y and 2 arc — CH:CHr-» or X is trans-CH=CH— , Y is ds-CH= 
CH— , and Z is — CHjCHj— or ds-CH=CH— . 

9. A process for producing a compound of the formula : 
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HO 



/ V 

H OR- 



wheiein Ri is hydrogen or alianoyi of one to S carbon atoms, induuve, R« is hydrogen 
or alkyi of one to 8 carbon atoms, inclusive, m is zero or 2, and X, Y and Z are 
— CH-CH:— , or X is trans-CH=CH— > Y is cts-CH=CH— , and Z is —(XjCHr- 
or dslCH=CH — ^ which comprises reducing the cazbooyl ffwsp of a oonqMund of 
the formula; 



/ / \ 



wherein R:, R<, m, X .;iZ arc as defined above. 

10. A process for producing a compound of the formula : 



BO 

X 



.(CHa^g-COORj^ 




/ 



H 



/ 

H 



OH, 



wherein Ra is hydrogen or alkanoyl of one to 8 carbon atomSk indusive, and lU 
is hydrogen or alkyi of one to 8 carbon aOHUs, inclusive, vrhidi conqvises reducing the 
cartmiyl group of a compound of the fotmula: 



I 



J5 



wbeieia Ri, and R* are as defined above. 
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11. A process for the preparaiioii of a con^>ound as claimed in acy of daiins 1 to 
7 subsonually as hexeitt desaibed wiifa reference to Examples 1 to 6. 

12. A compound as claimed in any of claims 1 to 7 when prepared fay a process as 
claimed in claims 8 to 11. 

5 13. A therapeutic compositira comprising as the active ingredient a compound as 5 

daimed in any of claims 1 to 7 or 12 together with a phannaoeiflkaliy aocqxable 
carrier. 

14. A therapeutic composition comprising as the active ingredient a compound as 
claimed in any of claims 1 to 7 or 12 substantially as herein deiscribed.- 
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